Abstract. Thermogravimetric analysis(TGA) and pyrolysis gas chromatography mass spectrometry (Py-GC-MS) investigations were carried out on the thermal degradation of white and red post-consumer polyester fabrics. The results show that red PET fabrics which was dyed with C.I. Disperse red 167 for its typical azo structure exhibits larger activation energy compared with white PET. The addition of azo dyes displays an inhibiting effect on the deep pyrolysis and the formation of biphenyl and bis(2-hydroxybutyl) terephthalate produced by the free radical mechanism.
Introduction
Recycling of post-consumer polyester fabrics is the key to solve the dual problem of resource shortage and environmental pollution caused by the enormous post-consumer products including fabrics. It is important to investigate the effect of dyes on the degradation for most post-consumer PET products are dyed fabrics. In order to study the effect of dyes on the PET thermal degradation, C.I. Disperse red 167 with typical azo structure was used to dye white PET post-consumer fabrics for azo dyes accounting for the majority of textile production. Thermogravimetric analysis(TGA) and pyrolysis gas chromatography mass spectrometry (Py-GC-MS) were used to illustrate the effect of azo dyes in degradation mechanism based on activation energy and pyrolysis products.
paper, white post-consumer polyester fabrics and red PET fabrics are labeled as white PET and red PET for simplicity. Thermogravimetric Analysis(TGA)
A Netzsch STA429 TG analyzer was used to obtain weight loss data. In each case, a 4 ± 0.1 mg sample was examined under nitrogen gas at temperature ranging from room temperature to 800 °C, at heating rates of 5, 10, 20 and 40 °C/ min, respectively. Pyrolysis-gas Chromatography Mass-spectrometry (Py-GC-MS)
Py-GC-MS was carried out to obtain detailed information on the volatile pyrolysis products and to study the degradation mechanism of C.I.167 and PET. Samples were decomposed in the PY2020iD pyrolyzer (Frontier Laboratories, Japan) at 420°C (the highest degradation rate of PET based on TGA) and 600°C. The separation system was carried out using QP-2010 GCMS (Shimadzu Corp., Japan). The column temperature was programmed as follows: 40°C, 5 minutes isothermal, 10°C /minute to 300°C and held at 300°C for 10min.
Result and Discussion
Thermal Degradation Mechanism of C.I. Disperse red 167
Py-GC-MS measurement was carried out in order to analyze the degradation mechanism of C.I. Disperse red 167. The main pyrolysis products at different temperatures are shown in Table 1 . It can be inferred that the scission of N=N bond and C-O bond could lead to the formation of product acetic acid and 1-amino-2-chloro-4-nitrobenzene. Carbon dioxide could be observed at higher temperature for the further degradation of acetic acid. Therefore, the assumed degradation mechanism of C.I. 167 is shown in Figure 1 . Thermal Degradation Kinetics of White and Red PET Flynn-Wall-Ozawa(FWO) method [1, 2] was carried out to determine the apparent activation energy E Į .Four series of TGA data obtained at heating rates of 5, 10, 20 and 40°C /min were used. The relationship between activation energy E Į and different conversation degree Į is shown in Figure 2 . The activation energy of both samples increases with the conversion degree Į and the E Į value of red PET is always larger than that of white PET, suggesting the improvement of thermal stability in addition of azo dyes.
Figure 2
Activation energy E Į of white and red PET in different conversion degree Į Effect of Azo Dyes on the Thermal Degradation of PET Py-GC-MS measurement was used to study the effect of C.I.167 on PET and two different temperatures (420°C and 600°C) were investigated. The main pyrolysis products are listed in Table 2 , which can be studied on the basis of the pyrolysis mechanism of PET existing [3] [4] [5] [6] [7] [8] [9] [10] [11] . The initial step in PET degradation is the formation of vinyl and carboxylic acid end groups through the random ester scission from a stable six-membered ring transition state by ȕ-hydrogen transfer [ Figure 3 The decrease for the content of benzene, the ultimate product of deep pyrolysis, in red PET in contract to that of white PET illustrates the addition of azo dyes displays an inhibiting effect on the deep pyrolysis. The possible reason may be the carboxyl group is consumed by the amidogen from the pyrolysis of C.I.167. Besides, the similar adverse effect could be found in the decarboxylation reactions generating products of No.3, No.4 and No.7 for the decrease of decarboxylate content in the presence of azo dyes.
The generation of acetaldehyde would undergo three kinds of routes: a) the reaction between the products in the formation of ester scission from the middle of the polymer chain mentioned earlier [ Figure 3(a) ] , b) the conversion of the vinyl end group and c) from the hydroxyl end group [10] . Acetaldehyde is no longer be detected as temperature rises to 600°C indicating that lower temperature is beneficial to the reaction. Acetaldehyde content of red PET is down to 5.88% suggesting the adverse influence on the reaction for the formation of acetaldehyde.
The reduction of the content of product No.8 (biphenyl) which is generated by the free radical mechanism [ Figure 5 (a)] in presence of dyes could be observed in Table 2 . The free radical may be seized by the N=N bond from azo dyes and the content of the compound producing by the free radical reaction should be reduced as a result. Besides, neither acetophenone nor biphenyl could be found at 420°C while biphenyl exits at higher temperature 600°C, which illustrates the reaction is promoted by raising temperature. The same explanation could be attributed to the decrease for the content of product No.10 in red PET. Botelho G [11] claimed that there was probably another way for ester scission besides the tradition pattern [ Figure 5(b) ], which could be verified by the existence of 1.44% product No.10 at 600°C. The addition of azo dyes may have an adverse effect on the reaction for it couldn't be observed in red PET. 
Conclusions
A comparative study was conducted into the thermal degradation of white and red PET fabric by the measurements of TGA and Py-GC-MS. TGA results show that the addition of azo dyes (C.I. Disperse 167) may improve thermal stability. Py-GC-MS analysis shows that deep pyrolysis generating small molecules such as benzene and phenylethylene and the free radical reactions producing biphenyl and bis(2-hydroxybutyl) terephthalate are promoted while the formation of acetaldehyde is suppressed by the increase of temperature. The addition of azo dyes displays an inhibiting effect on the deep pyrolysis producing benzene probably for the reason that the carboxyl group is consumed by the amidogen from the pyrolysis of C.I.Disperse red 167. Besides, the similar adverse influence could be found in the decarboxylation reactions generating phenylethylene, vinyl benzoic acid and 1,4-vinyl benzoic acid. The free radical could be seized by the N=N bond from the azo dyes and the content of biphenyl and bis(2-hydroxybutyl) terephthalate produced by the free radical mechanism would be reduced as a result during thermal degradation.
